Purpose Some cancers are largely preventable through modification of certain behavioral risk factors and preventive screening, even among those with a family history of cancer. This study examined the associations between (1) family cancer history and cancer screening, (2) family history and cancer preventive lifestyle behaviors, and (3) cancer screening and lifestyle behaviors. Methods Data were from the 2009 California Health Interview Survey (n = 12,603). Outcomes included screening for breast cancer (BC) and colorectal cancer (CRC) and six cancer preventive lifestyle behaviors, based on World Cancer Research Fund recommendations. Multivariate logistic regression analyses, stratified by gender and race-ethnicity, examined associations. Predicted probabilities of cancer screening by family cancer history, race-ethnicity, and sex were computed.
Introduction
Most cancers are largely preventable. An estimated 30 % of cancers can be prevented by avoiding exposure to tobacco [1] . An additional 30-40 % of cancers can be prevented by modifying other lifestyle factors such as physical activity and diet [2] . For some cancers, mortality can further be reduced through preventive screening at recommended age-specific intervals, designed to detect cancer at an earlier, potentially more treatable stage. Following cancer preventive lifestyle and screening recommendations is especially important for populations that are at above-average risk due to a family history of cancer. Breast cancer (BC) and colorectal cancer (CRC) have the second and third highest familial proportions, with nearly 13 % of cases having a family member with concordant cancer [3] . Yet even among those with a family history of cancer, lifestyle behaviors are associated with risk of the disease [4] . Family history of cancer may reflect both shared genetic and behavioral/environmental risks [5] ; therefore, it is important to understand how family history is associated with cancer preventive behaviors in families. This study examines associations between self-reported family history of cancer (BC and CRC), cancer screening, and other cancer preventive lifestyle behaviors.
The role of family history of cancer in influencing cancer preventive behaviors is unclear. Several intervention studies, aimed at increasing cancer screening rates, have targeted individuals with a family history and used personalized risk notifications designed to increase perceived risk as part of the intervention [6] [7] [8] . However, few studies have examined whether family history is associated with preventive behaviors at the population level in the absence of a specific intervention. A study in Spain found little indication that family history of CRC was related to increased adherence to cancer preventive behaviors [9] , but there is a dearth of evidence from the United States on how family history is associated with cancer screening and cancer preventive lifestyle behaviors. A recent US study of Californians found that family history of CRC was associated with higher likelihood of CRC screening among Whites, but not Latinos [10] . Another study found that family history was associated with cancer screening, but not cancer preventive lifestyle behaviors [11] . Similarly, a US study found that women with a family history of BC were more likely to undertake medical preventive behaviors (such as screening and use of anti-estrogenic agents), but not lifestyle behaviors [12] . Thus, there is ongoing debate about how knowledge of family history may influence individuals' lifestyle behaviors [5, 13, 14] .
Moreover, some research suggests that there may be ''spillover'' between cancer preventive behaviors; for example, those who avoid tobacco use are also more likely to engage in physical activity [15, 16] . However, few studies examine health-related lifestyle behaviors and screening simultaneously to address whether engaging in certain cancer preventive behaviors (e.g., screening) is associated with greater adherence to other cancer prevention recommendations (e.g., cancer preventive lifestyle). Understanding how these two types of cancer prevention behaviors are associated, and whether these associations vary for those with a family history, could yield insight into more effective strategies to improve cancer prevention efforts among those at highest risk, including those with a family history of cancer.
This study examined an ethnically diverse, populationbased sample to assess adherence to CRC and BC screening guidelines from the US Preventive Services Task Force (USPSTF), and cancer preventive lifestyle recommendations from the World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) [2] . The lifestyle measures we examined included smoking, body mass index (BMI), physical activity, consumption of foods and drinks that promote weight gain, consumption of fruits and vegetables, and alcohol use. The research questions were as follows: (1) Are individuals with a family history of cancer more likely to be up-to-date with cancer screening recommendations compared to those with no family history? (2) Are individuals with a family history of cancer more likely to engage in cancer preventive lifestyle behaviors? (3) Is adherence to cancer preventive behaviors associated with a higher likelihood of cancer screening, and does this relationship vary by family cancer history? This study goes beyond existing literature by considering how family history is associated with both screening and cancer preventive behaviors separately by sex and race-ethnicity, and how screening is associated with cancer preventive behaviors.
Methods

Data and Sample
Data were from the 2009 California Health Interview Survey (CHIS) [17] , a random-digit-dial (RDD) survey of landline and cellular telephones. The CHIS sample is considered to be representative of the California population when sampling weights are used to account for the sampling design and to adjust for differential non-response. The 2009 overall response rate (36.1 %) is comparable to other California surveys [18] , and to national RDD surveys [19] . Respondents were asked detailed questions, including about their own health status and health behaviors, cancer screening history, and whether their biological parents, siblings, or children had cancer of any kind (follow-up questions probed about specific cancers). Analyses were limited to non-Latino Whites, Latinos, Blacks, and Asians ages 40-75 (n = 12,603); other race-ethnicity groups were excluded because of small cell sizes.
Dependent measures
All measures were self-reported. USPSTF recommendations on CRC and BC screening for average-risk individuals were used [20] ; although USPSTF recommends that individuals with a family history be screened at even younger ages, no specific guidelines are provided, and therefore only average-risk recommendations were used. Respondents ages 50-75 were defined as up-to-date with CRC screening if they reported one of the following: fecal occult blood test (FOBT) within the past year; sigmoidoscopy within past 5 years, combined with FOBT within past 2 years; or colonoscopy within past 10 years. While guidelines specify sigmoidoscopy within 5 years combined with FOBT every 3 years, FOBT response categories in CHIS were as follows: within past year, 1-2 years ago, 2-5 years ago, and more than 5 years ago. We chose to use past 2 years, which may slightly underestimate the number up-to-date with CRC screening. Women aged 40-75 were considered up-to-date with BC screening if they reported having a mammogram within the past 2 years, based on then-current USPSTF recommendations. The USPSTF's change in recommended starting age from 40 to 50 in 2009 was unlikely to have affected many survey responses [21] .
The following measures of health behaviors were included, based on WCRF/AICR recommendations [2] : smoking, BMI, physical activity, 1 consumption of foods and drinks that promote weight gain, consumption of fruits and vegetables, and alcohol use. Respondents were asked about the following: smoking habits; height and weight (used to calculate BMI); number of days and amount of time spent engaging in leisure time vigorous and moderate physical activity (in past 7 days); past month consumption of sugarsweetened beverages (including soda, sports or energy drinks, sweetened fruit juices or coffee/tea); past week consumption of fast food; past month consumption of fruits and vegetables (not including fried potatoes); past year consumption of alcohol. All behaviors were coded to be as consistent as possible with WCRF/AICR recommendations: 0 = no adherence to recommendation, 1 = partial adherence, 2 = full adherence (see Supplemental Table 1 for definitions). The measures were summed to create a Lifestyle Adherence Scale ranging from 0 to 12, with 12 indicating full adherence to these six recommendations.
Independent measures
Family history of any cancer and site-specific family history of BC or CRC were examined. A respondent was considered to have any family history of cancer if he/she answered ''yes'' to the question, ''Did your biological father or mother, full brothers or sisters, or biological sons or daughters ever have cancer of any kind?'' Such respondents were then asked what kinds of cancer. Individuals who reported having a blood relative with CRC were considered to have a CRC family history, and females who reported having a mother or sister with BC were considered to have a BC family history.
Covariates included age, sex, marital status, education (less than high school, high school diploma, college degree), family income (below/above federal poverty line), currently employed (yes/no), home ownership (yes/no), continuous health insurance coverage past 12 months (yes/ no), rural/urban residence, doctor visit in the past 12 months (yes/no), usual source of care (yes/no), English proficiency (speaks English well/very well vs. not well/not at all), and nativity (foreign born/US born).
Data analysis
All analyses were conducted in Stata version 12 [22] , weighted to account for the complex sampling design, and were stratified by sex and race-ethnicity. Chi-square and t tests were used to assess differences in sociodemographic characteristics between individuals with and without a family history of cancer (Table 1) . Differences between individuals with and without a family history in the prevalence of up-to-date screening and the six cancer preventive behaviors were tested using chi-square tests ( Table 2) . We conducted multivariate logistic regressions predicting CRC screening (males and females), and BC screening (females), including an interaction between raceethnicity and family history of site-specific cancer; from those regression equations, we calculated predicted probabilities of screening by sex, race-ethnicity and family history, holding covariates constant at their means (Fig. 1) . We examined whether family history was associated with lifestyle behaviors using Poisson regression for the lifestyle adherence scale and ordered logistic regression for other outcomes (Table 3) . We examined whether each lifestyle behavior was associated with cancer screening by regressing screening on each lifestyle behavior separately (Table 4) . Adjusted Wald tests examined whether the odds associated with full adherence differed significantly from those for partial adherence. All regression models controlled for the aforementioned covariates.
Results
There were sociodemographic differences by family history among race-ethnic groups, for both sexes (Table 1) . Those reporting a family history of cancer were generally 1 We use the WCRF/AICR recommendation cutoff for full adherence of 300 moderate-equivalent minutes/week in analyses shown here, but also conducted sensitivity analyses using the American Cancer Society recommendation of at least 150 moderate-equivalent minutes/ week. Some associations are lost when using the dichotomous ACS cutoff; thus, we chose to use the more nuanced measure in final analyses.
Cancer Causes Control (2013) 24:1491-1503 1493 older and had higher socioeconomic indicators (i.e., lower poverty rates and higher education). Latino males and White females with family history were more likely to have a usual source of care and to have seen a doctor in the past 12 months. Those with family history were less likely to be foreign born or have limited English proficiency. Table 2 presents prevalence rates of screening and lifestyle behaviors by family history of cancer, stratified by sex and race-ethnicity. In terms of screening, among males, those with family history had higher rates of CRC screening than those with no family history, but the difference was only statistically significant for Asians (67.8 vs. 53.2 %). White males with a family history had the highest screening rates (68.8 %), followed closely by Asian males with a family history (67.8 %); Latinos and Blacks with a family history lagged behind (54.4 and 53.2 %, respectively). Of males, Latinos with no family history had the lowest screening rates (45.6 %). Among females, Asians and Whites with a family history had slightly higher CRC screening rates than their counterparts; the difference was only significant among Whites (69.2 vs. 62.6 %). White females with a family history had the highest screening rates, and Latino and Asian females with no family history had the lowest rates. BC screening was high in all groups, and the family history gap was marginally significant among Whites (91 vs. 87.1 %).
In terms of lifestyle behaviors, there were few significant differences by family history among both sexes (Table 2 ). There were no differences in overall adherence to lifestyle behaviors by family history for either males or females. Moreover, the direction of the association between family history and individual lifestyle behaviors varied. Males with a family history had higher rates of former smoking, but significantly higher fruit/vegetable consumption. There were marginally statistically significant differences in physical activity and BMI by family history, with lower lifestyle adherence among White males with family history. Among Latino males, those with a family history had lower rates of full lifestyle adherence, and higher partial adherence, to recommendations regarding foods and drinks that promote weight gain. Asian males with a family history were more likely to be non-adherent to recommended lifestyle behaviors compared to their counterparts with no family history. For all groups, rates of never smoking were lower, and former smoking rates higher, among those with a family history; rates of current smoking, on the other hand, were similar between family history groups. Of White females, fruit/vegetable consumption was higher, and rates of alcohol bingeing lower, among those with family history. Among Latinas, those with family history had lower rates of binge drinking, but were less likely to avoid alcohol completely (41.4 vs. 48.4 %) compared to those without a family history of cancer.
To address whether those with a family history of cancer are more likely to be up-to-date with cancer screening even accounting for sociodemographic differences, we conducted logistic regressions. Figure 1 presents predicted probabilities of cancer screening by family history of cancer, race-ethnicity, and sex, calculated holding all covariates constant at their means. Individuals with a family history tended to have higher probabilities of screening, especially for CRC. Family history of CRC was associated with a significantly higher probability of CRC screening among Asian and White males, and White females. The probabilities of BC screening for all groups were much higher (around 80-90 %) compared to CRC screening. Differences in BC screening rates by family history were small. Black and Asian women with family history of BC had higher probabilities of mammography than their race-ethnic counterparts with no family history. Addressing our second research question, we found that, in contrast to the generally positive association between family history and cancer screening, few associations between family history and lifestyle behaviors were significant (Table 3) . Family history was related to lower odds of adherence to recommendations in all cases where there were significant effects. For instance, compared to Latino males with no family history, those with a family history had almost half the odds of full adherence to physical activity recommendations (versus partial or no adherence; OR = 0.57, p \ 0.001). Black males with a family history had nearly half the odds of adherence to fruit/vegetable consumption and alcohol avoidance recommendations compared to their co-ethnics with no family history. Among Asians, males with a family history were nearly half as likely to adhere to recommendations to avoid alcohol, and females with a family history adhered less to recommendations to avoid smoking.
Speaking to our final research question, Table 4 presents the results of multivariate logistic regression analyses examining the association between cancer screening and lifestyle behaviors. In general, there were positive associations between lifestyle behaviors and cancer screening, with higher odds of screening among those with partial or full adherence to cancer prevention recommendations. This was particularly true for smoking, physical activity, and, among Whites, consumption of weight gain-promoting foods, and fruits and vegetables. Among White and Asian males, a onepoint increase on the lifestyle adherence scale was associated with increased odds of CRC screening (6.5-13.2 %). For many lifestyle behaviors, there were few significant associations with screening, and the direction of the association varied by race-ethnicity. Tests examining differences between the odds ratios for partial and full adherence revealed few significant trends. Among females, overall lifestyle adherence was inversely associated only with CRC screening among Asians, with approximately 12 % lower odds of screening for every one-point increase in adherence to cancer preventive lifestyle recommendations. Abstinence from smoking and more physical activity emerged as positively associated with screening for some groups, while full or partial adherence to guidelines on foods promoting weight gain, fruit and vegetables, and alcohol consumption emerged as negatively associated with screening for Blacks and/or Asians. We also examined whether the relationship between lifestyle behaviors and screening varied by family cancer history but found no significant interactions.
Discussion
Results addressed the three study research questions, showing that: (1) Family history of cancer was related to higher cancer screening (mainly CRC screening) for some groups; (2) Family history was largely unrelated to other cancer preventive behaviors/BMI, but in the few instances when family history was significantly related to lifestyle, individuals with a family history were less likely to adhere to recommendations; and, (3) Healthier lifestyle behaviors were associated with a higher likelihood of cancer screening for only some groups.
Rates of up-to-date cancer screening were higher among individuals with a family history of cancer, although the differences were statistically significant only for certain groups. Since we controlled for age, these effects cannot be attributed entirely to commencement of screening at a younger age in individuals with a family history. Plausible explanations are that individuals who know they have a family history of cancer may have greater perceived risk of cancer or be more likely to receive or adhere to a doctor's recommendation for screening. The different relationship between family history and CRC versus BC screening may be due to differences in screening prevalence. BC screening prevalence is high in California, at approximately 90 % compared to 72 % nationally [23] , with few disparities by race-ethnicity; therefore, there may be a ceiling effect for BC screening. By contrast, CRC screening rates are lower than for BC (approximately 65 % nationally [24] and between 60 and 63.5 % in California [25] ) and race-ethnic differences more pronounced. Differential barriers to screening may also explain greater disparities in CRC than BC. Meissner and colleagues [26] recently found that physicians report that patients' inability to pay is the main barrier for both BC and CRC screening. An additional barrier for CRC is that patients do not perceive it as a threat.
A major finding of this study is that family history predicts cancer screening, but is not associated with higher rates of other cancer preventive behaviors. Where family history was significantly related to lifestyle or BMI, individuals with a family history of cancer were less likely to adhere to lifestyle recommendations. Results from several recent studies are consistent with this finding [11, 12, 27] . There are several plausible explanations. First, it may reflect a process of intergenerational transmission of lifestyle behaviors whereby adult children who report a family history of cancer share similar behavioral risks as their family members. Previous research finds evidence of intergenerational transmission of health-risk behaviors between parents and their children [28] . For instance, those with a family history of cancer may be more likely to smoke because their parents smoked (and hence, have a cancer history). Second, the facilitators and barriers may differ for screening versus other cancer preventive behaviors. For example, individuals' perceptions about effectiveness of lifestyle behaviors versus screening for cancer risk reduction may differ. It may be that most persons, even those with a family history, are not fully aware of the importance of health behaviors such as physical activity and diet for preventing cancer. A recent study supports this explanation; sisters of breast cancer patients perceived screening to be more effective in reducing breast cancer risk than physical activity or fruit/ vegetable consumption, and perceived effectiveness was positively associated with engaging in these behaviors [29] . Nevertheless, if family history of cancer has been successfully used to increase cancer screening, whether through physician recommendations or patient education, the increased cancer screening alone may be enough to reduce cancer risk in this higher-risk population.
Lastly, healthier behaviors were generally associated with a higher likelihood of cancer screening, and this relationship did not vary by family cancer history. Therefore, while various cancer preventive behaviors may be correlated, there is not a stronger correlation or better behaviors among those with a family history. Among Blacks and Asians, adherence to some lifestyle behaviors was associated with lower odds of cancer screening.
Although we adjusted for education, income and other sociodemographic characteristics in our multivariate models, residual confounding may account for some of these differences by family history. In this study, those who reported family history of cancer were generally more likely to be college educated and have health insurance. Speaking to differences between those who report a family history and those who do not, the Structural Influence Model of Communication Inequality [30] suggests that social determinants such as education and income influence interpersonal health communication, including the discussion of family cancer history with family members-which ultimately affects health outcomes including knowledge, beliefs, health behaviors, and screening [19] . Therefore, differences between individuals who report a family history of cancer and those who do not, may reflect differences in health communication or health literacy rather than actual family cancer history. Moreover, individuals with low levels of education may not associate their family history of colon cancer with increased vulnerability in the way that individuals with high levels of education appear to [31] . Thus, it is important to understand how self-reported family cancer history is associated with health literacy as well as cancer screening and behaviors.
Theories of health behavior may aid in the interpretation of these findings. The Health Belief Model [32] , a cognitive, behavioral theory premised on rational decision making by people with known risk of disease, has been shown to work well in predicting discrete, one-time health behaviors such as screening for bowel cancer [33] ; however, the Health Belief Model is less useful in predicting lifestyle patterns which involve repeated choices such as diet [34] . For longer-term lifestyle behavior change, the Social Ecological Model, which focuses on social and environmental factors, may better identify consistent correlates of behavior [35] . As Gorin and colleagues have argued, more research is needed to understand repeated decision making, such as maintaining a cancer prevention behavior over time [36] . However, taken together, these theories support the notion that social structural factors, such as policies that promote cancer prevention activities, may be more important in shaping longer-term lifestyle behaviors than individual health education alone.
This study has limitations. The data were self-reported and cross-sectional. Although CHIS uses a probability sample, there may be selection bias. Moreover, while these results represent California, they may not be generalizable to the national population. Future research may address geographic variability in these findings, and the heterogeneity within the broad race-ethnic groups examined here. Future studies may also examine adherence to other recommendations not addressed here due to data constraints (e.g., American Cancer Society alcohol recommendations differ from those of the World Cancer Research Fund). Despite these limitations, this study has novel contributions: using a population-based sample to examine family history, investigating associations within race-ethnic groups and genders, and presenting predicted probabilities of cancer screening by race-ethnicity.
This study provides important insight into the role of self-reported family history of cancer in shaping two types of cancer prevention behaviors-screening and lifestyleand how these are associated with one another. Given the mounting evidence that certain cancers are largely preventable, this study's findings increase our understanding of cancer prevention behaviors, and how knowledge of one's family history is related to such behaviors. Some scholars [5, 13] posit that family history might be used as a public health tool to identify those at higher risk of chronic diseases in order to tailor recommendations to individuals. Our findings suggest that knowledge of family history of cancer alone is insufficient to make individuals engage in cancer preventive lifestyle behaviors, but may be useful in increasing cancer screening. Interventions aimed at increasing awareness of the importance of health behaviors in cancer prevention, especially in this higher-risk group who have a family history of cancer, are needed. More research is needed to better understand individual decision making about cancer prevention behaviors and the social structural and psychological factors influencing those behaviors.
